










of physical readiness. Enhanced healing, stabilization prior to the onset of shock, 
pain control and rapidly controlling hemorrhage are key areas of the program. 

The Metabolic Engineering for Cellular Stasis Program (ME) is the last program 
that looks at enhancing human performance. Its focus is to reduce the logistics 
burden associated with providing stable blood and blood products to the 
battlefield. Currently by the time we can move 1000 units of blood the need is 
gone. We cannot move platelets at all because of the stability of the product so 
we do without. ME explores naturally occurring models of cell survival under 
adverse conditions, especially desiccation. To date we have successfully stored 
platelets in a desiccated state for about a year with outstanding in vitro responses. 
Animal studies are underway at this time and hopefully the in vivo results will be 
comparable. Studies looking at RBCs have just started and we are looking at 
storing nucleated cells using similar methods. At present the two most promising 
technologies for desiccation of cells involves the incorporation of the disaccharide, 
trehalose into the cell. This was accomplished by identifying the membrane phase 
transition points and incubating the cells with trehalose at this temperature. At 
the membrane phase transition temperature the membrane becomes 
semipermeable to small molecules as the lipid bilayer goes from a crystalline to gel 
phase. The second successful method has been to place cells in a glycan which 
appears to stabilize the membrane during desiccation. I am hopeful that by the 
end of the program, platelets will be at FDA; RBCs will be in animal trials and 
nucleated cells will be close to complete. 

This program is also looking at animal models that show survival in the extremes; 
and are able to enter hypometabolic states for extended periods without 
consequence. Deep diving marine mammals demonstrate the diving reflex which 
lowers heart rate, regionalizes blood flow and allows the animal to be without 
oxygen for about thirty minutes. This response is seen in children who fall into 
cold water and even after 20 or 30 minutes are revived without long-term 
consequence after becoming hypoxic. Can we induce this response in injured 
soldiers or expand our ability to survive without oxygen for short periods. It is 
also looking at hibernation models and trying to identify functional protein 
products that seem to protect hibernators during cold exposure and reduced 
nutrient availability. Can these methods be used to induce a state of suspended 
animation in the injured warfighter and allow transportation and triage to occur 
after the area is determined to be safe? 

The last goal of the program is to look at the regulation of adult stem cells and 
determine if they can be called into play when needed. The question is fairly 
simple can we make an injured adult heal like a two year old? The difference 
between the two ages is the number of mesenchymal stem cells found in the bone 
marrow. Can you regulate these numbers when needed to facilitate healing? 



One clear example of a new technology application that has come out of ME is the 
development of a non contact electrode that is capable of detecting bioelectrical 
potentials at a distance of several centimeters. This device lets you look at heart 
rate and an electrocardiogram without having an electrode or ground attached to 
the patient. It can be incorporated into vests, litters, blankets or whatever 
surface you have. It will work if the patient is wet or dry, burned, traumatized or 
completely healthy. Enhancing performance includes monitoring the benefits of 
the enhancement. 

The concept of enhancing human performance obviously has benefit to both the 
warfighter and the mission. The ability to provide a force multiplier, increase the 
tempo of operations, incorporate self aid and think about suspended animation for 
improving survival of the seriously injured provides the military with a unique set 
of advantages. Perhaps the slogan "be all that you cab be" should be enhanced 
with the phrase "and a lot more." 
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